Abstract-Analytic expressions have been derived for the probability density functions of the total signal-to-interference ratio when considering mixed-type interference sources in the reverse link of a DS/CDMA packet radio system with Rayleigh fading. Four different scenarios were studied, and the corresponding expressions are presented for each situation. The users are divided into two groups: those that apply a closed-loop power control and those that only use an open-loop power control. By making use of these expressions, the mean block error probability is derived as a function of the number of total interfering users in each group.
I. INTRODUCTION
W HEN evaluating the capacity of DS/CDMA systems, great effort has been focused on calculating the average bit error probability in a scenario where all the users generate the same type of interference. However, in a packet transmission scheme it might be possible to find users that are applying different power control schemes. Some of them may only apply an open-loop power control as they are sending their request access packets or even because of the shortness of the message they are to transmit, while others will be able to apply a closed-loop power control as they are continuously transmitting with some reserved resources that include a downlink control channel carrying power control commands.
In a packet transmission system, performance is defined by the average block error probability. Several expressions have been widely used to calculate the average bit error probability in a Rayleigh fading environment [1] , [2] . However, these expressions are not directly applicable to the evaluation of the average block error probability, as the statistics of the bit error probability must be taken into account instead of employing only the mean value.
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ment when considering different scenarios with mixed-type interference sources. Our contribution focuses on two cases with a mixture of users employing both open and closed-loop power control, by distinguishing the situation in which the desired user works with either one or the other power control technique. The derived pdf's are used to obtain analytical expressions for evaluating the average block error probability when using block channel codes with a given correcting capability.
II. AVERAGE BLOCK ERROR PROBABILITY IN A DS/CDMA ENVIRONMENT
We consider a DS/CDMA packet transmission network. Users generate and transmit -bit packets. They use pseudo-random sequences with spreading factor . The channel is time slotted, and each -bit packet is transmitted within a single slot. The channel coherence time [2] is assumed to be greater than the packet transmission time, that is, the response of the channel does not change during a packet transmission. Consequently, the same fading applies to all the bits of a given packet.
Four different scenarios are analyzed below.
A. All Users with Closed-Loop Power Control
We consider a group of users. Therefore, for a given target user, there are interferers. Perfect closed-loop power control is considered, so that the received power at the base station is assumed to be the same for each user. For a large number of users, the combined interference coming from the different packets can be approximated by a Gaussian random variable. This is known as the Gaussian approximation. This approximation has been widely used in the literature due to its simplicity and sufficient accuracy, even for a small number of users [3] . We will denote the total signal-to-interference ratio (SIR) as . Under these assumptions, considering BPSK modulation with rectangular pulse shaping and neglecting the effect of thermal noise, it is known that can be expressed as [4] (1) and the bit error probability assuming perfect coherent demodulation is given by (2) 1089-7798/00$10.00 © 2000 IEEE If we use a block error correcting code able to correct up to errors, we can evaluate the probability of having a correctable block, , as:
Finally, the average block error probability BLER is given by (4) This analysis could be extended for other coding schemes (convolutional, turbo codes, etc.) by making use of the corresponding expression for of having a correct -bit packet. However, these kind of expressions are usually code-dependent. Consequently, without loss of generality, we will just assume a block coding scheme for the example numerical results shown in Section III.
B. All Users with Open-Loop Power Control
We consider a group of users that apply open-loop power control. The mean received power, , is the same for all of them and we assume that they suffer from independent Rayleigh fadings. In these conditions, can be expressed as (5) where we have denoted the power received from the target user by , and the total interference level by . The pdf's of these random variables are (6) (7) is now a random variable, so it must be evaluated statistically in order to derive the block error probability. The probability distribution function of is given by (8) Then, the pdf is immediately obtained by deriving the last expression with respect to variable ,
Note that this pdf is quite similar to a Pareto distribution. Particularly, it is easily shown that the random variable follows exactly a Pareto distribution of parameters . As it occurs with this variable, its expected value equals infinity for , while its variance is also infinity for and . This variable has a physical meaning: It is the ratio between the total received power at the input (including both useful signal and interference) and the total interference power.
C. Target User with Open-Loop Power Control and Mixed Interference
We consider a user transmitting with open-loop power control and two groups of interferers: users also applying open-loop power control and users applying ideal closed-loop power control. Again, Rayleigh fading is independent between users. In this situation, the total signal-to-interference ratio is expressed as (10) where the random variables and are the same as those defined in Section II-B, and assuming that is the same for both types of users. This assumption arises from the fact that all users have the same quality requirements, that is, the same target received power.
The probability distribution function of is given by:
Let us make the change . In addition, we must distinguish between the intervals and . Then, we can rewrite (11) as (12) The desired pdf is then given by (13) Note that (9) is a particular case of this last expression when taking .
D. Target User with Closed-Loop Power Control and Mixed Interference
A user transmitting with an ideal closed-loop power control is considered, and there are also two groups of interferers: users that apply an open-loop power control and users that apply an ideal closed-loop power control. Again, Rayleigh fading for interference is independent between users. Now, can be expressed as (14) where is defined as above.
The probability distribution function of is
The pdf of is then
Note that for , that is, the signal-to-interference ratio is upper bounded by the value corresponding to the case in which all the users apply closed-loop power control. ) where is given by (3) and is defined in (9), (13), and (16), respectively.
The values presented were calculated with bits, and a block code with correcting capability er- rors. Note that the BLER for case II.C increases less abruptly than for case II.D. Indeed, for low values of the BLER is lower for the closed-loop case. However, as increases, the BLER becomes better for the other power control technique. This behavior can be explained by the fact that, when the total interference level is high, it is better for a specific user to let its received power vary instead of maintaining it at a constant level. Then, when applying open-loop power control, the random nature of Rayleigh fading may allow some packets to arrive with a higher level than the average value, due to the constructive contribution of the multipath components of the transmitted signal, thus reducing the average block error probability.
IV. CONCLUSIONS
We propose an analytical method to evaluate the average block error probability in a DS/CDMA packet radio transmission system where two different types of interferer sources coexist: Users applying either open-loop or closed-loop power control. The analytic expressions for the pdf's of the total signal-to-interference ratio for four different scenarios have been derived. The average block error probability is computed by making use of these pdf's. Finally, some numerical examples have been presented.
